Abstract-The presented fire suppression mechanism is a selfmonitoring system that detects the existence of fire between a specific range of wavelength and suppresses the fire by spreading water flowing via multiple sprinkler-heads. The controlling unit used to manipulate the fire suppression mechanism is an Arduino Uno. The major advantage of this system is its capability to detect fire fast and run water through dedicated pipes using solenoid valve. Fire is an undesirable event that could cause a great loss of social wealth, human life, and confidential amenities. To prevent these losses, various extinguishing systems have already been developed, such as sprinkler heads with temperature sensitive valve and temperature sensor based systems. These systems come with a high chance of delayed sensing and human error that can mislead the sensing and hence the whole system in general. Our fire suppression system, on the other hand, is extremely well thought out; it has no chance of human error as it is fully selfsufficient. The room or the area will have dedicated overhead sprinklers connected to the water supply through its dedicated solenoid valve which controls the flow of water in the pipelines. The triggering devices of this system are the flame sensors, when they detect fire an alarm will go off. The Algorithm set in the Arduino will come into work and an optimal voltage will be provided to the solenoid valve through a relay, hence water will rush out the sprinklers to extinguish the fire in no time. The sensors used are highly sensitive[5], thus it will detect fire even before it reaches a point of concern. Unlike other systems, the components we used are readily available and reasonable in price. Also, the system has been tested to extinguish fire in realworld scale. Our automated fire suppression system can be used both for commercial and residential purposes.
I. INTRODUCTION
Fire has been a danger to assets and population through ages. In very recent times there have been multiple cases of fire throughout Dhaka city damaging properties worth millions and moreover taking away lives of innocent people. From January to February of 2017, incidents of 1,845 fires were recorded by Fire Service and Civil Defense all over Bangladesh [1] . These unfortunate events gave rise to this system which suppresses fire in a much more efficient way than the existing methods. Narrow lanes and many flammable materials can cause fire to spread out quickly. This makes work harder for Fire brigade to operate on the inside. Although there are water-sprinkler systems intended to extinguish the fire, it takes a large sum of fire to trigger those mechanisms. We motivated ourselves to build a technology that can reduce the fire hazard to a minimum by detecting fire fast whilst being cost-effective.
The automated fire suppression system is self-sufficient and has been implemented using readily available components. The system also provides the flexibility to suppress fire in multiple rooms and is never in an ambiguous state. Under normal conditions, the system indicates the state of the room as safe. Other contributions of the research were the Algorithm of the Arduino, calculations regarding placement of sensors, a design that can effectively and efficiently control this system under all circumstances and an ideal power back up in case of an emergency power supply.
II. THE ELECTRICAL CONNECTION OF THE SYSTEM
The controlling unit of the system is the Arduino. As shown in figure 1 , to receive signals from NAND gate (HD74HC20), we used pin 7. The four flame sensors will be constantly checking for traces of flame. If it detects no flame its output signal is 1 and if it detects flame its output signal is 0. The output signals of the sensors are fed to the 4 input NAND gate. The output of the NAND gate is 1 when any of the four flame sensors detect flame.
As digital output, we used pin 13 for switching relay. Also from pin 13, a buzzer is connected through a 1kΩ resistor and a transistor (BC547), similarly a LED is connected through a 1kΩ resistor. Their purpose is to indicate the period of time for which the relay stays ON. Two 12V, 20AH batteries in series are connected in parallel to the 24V solenoid valve through the protection circuit and relay. The protection circuit is composed of a 0.1μFcapacitor and a diode; they suppress the backelectromotive force produced within the coil of the solenoid valve. A 24V to 5V step-down voltage regulator is used to power the Arduino from the batteries. 
III. THE SPRINKLER SYSTEM AND CALCULATION REGARDING PLACEMENT OF SENSORS

A. Sprinkler system
For demonstration purpose, as shown in figure 2 , the sprinkler system is placed on the ceiling of the room 40 inches above the ground. Dividing the 40 inches by 40 inches ceiling into four equal parts we get 20 inches by 20 inches square. The sprinkler heads were placed exactly at the center of these squares, shown in figure 3 and 4. The pressure of the water supply was about 20 psi, dividing that into four sprinklers gives roughly 5 psi on each sprinkler. During the test, it was seen that the radius of water coverage was about 40 to 45cm ≈ 18 inches, as shown in figure 4 . This was more than enough for our experiment and justified the use of four sprinklers. Of course, the radius of water coverage will vary depending upon the water pressure at every location.
B. Calculation regarding placement of sensors
After practically studying the behavior of one sensor we found that placing the flame sensors, like the sprinkler heads, right at the center of the 20 inches by 20 inches square after dividing the 40 inches by 40 inches ceiling into four equal parts will cover the detection area, as seen in figure 7 . Coincidentally, the location of sprinkler heads and flame sensors were together. The datasheet of a flame sensor states that the detection angle is 60° [4] . However, after several experiments with one flame sensor it was found that in reality, its detection angle is about half of the angle stated in the datasheet, which is 30°. Using this information we found that the radius of detection of a flame sensor is 10.7179 inches, as shown through calculations in figure 6. Figure 7 shows the detection area, the red zones indicate the area of fire detection. We can also tell that some areas of the demonstration room do not fall in the detection area. However, after carrying out the demonstration it was found that as fire flickers in a random pattern when it burns, it crosses the detection area and triggers the sensors.
We placed fire exactly at the center of the room and it was successfully suppressed, as shown in the figure 8.
IV. THE ALGORITHM
Steps in the algorithm shown in figure 9:
1. First the NAND gate is stated as pin 7 and Relay as pin 13. 2. The initial state of the NAND gate is stated as LOW (0). 3. It is then declared that the Relay is connected as an output and NAND gate is connected as an input to the Arduino. 4. A statement is made which will constantly read the state of pin 7, which is the output of NAND gate. It checks if the Pin 7 is HIGH (1) or LOW (0). 5. A for loop is run under which both the "if" and "else" conditions mentioned below falls. This for loop states that an iteration will be run three times for both the "if" and "else" condition for 10,000 milliseconds. Running this iteration three times means a delay of 30,000 milliseconds. When fire is not detected we will not see any switching ON of relay but when fire is detected relay will stay ON for 30,000 milliseconds or 30 seconds uninterrupted. This iteration is made because Arduino malfunctions with a delay longer than 10,000 milliseconds. When iteration reaches its fourth turn, it is reset to 1. The time can be varied by increasing or decreasing the iteration number. 6. An "if" condition is run where it states that if the output of NAND gate pin 7 is HIGH (1) the Relay pin 13 will be made HIGH (1). 7. An "else" condition is run which states, for any other outcome the input of Relay pin 13 will be made LOW (0). 
V. FIELD TEST AND ANALYSIS
A. Range of wavelength that triggers the flame sensor
The flame sensor module that we used with the Arduino Uno in our project contains aYG1006 sensor which is a high speed and highly sensitive NPN silicon phototransistor in a standard 5mm package. Its black epoxy makes the device sensitive to infrared radiation. This sensor can detect infrared radiation [5] at a wavelength ranging from 760nm to 1100nm, as shown in the electromagnetic spectrum of figure 10 [4] . The color of the light is red. The use of flame is justified since the tip of any flame has a red color, transitioning to orange, yellow and finally white [6] . This sensor has high photosensitivity and high response time [5] which enables it to instantly detect light within its wavelength range.
B. Detection of fire by the flame sensors over distance
In the datasheet of our flame sensor module, we came across its key features which stated that it has a maximum triggering distance of 100cm or 1m [4] . In order to justify this feature, we conducted a test to check the distance up to which the sensor detects the presence of fire. In figure 11 we can see that initially the LED is OFF, indicating that fire has not been detected.
The test "detection of fire by the flame sensor over distance" shows how the flame sensor senses the fire over 100cm. Here, 100cm was divided into five windows of 20cm. Then we placed the flame at 20cm, 40cm and 100cm as seen in figure 12, 13 and 14 respectively.
Beyond 100cm, the sensitivity of the flame sensor got weaker and weaker with the increasing distance. However flame was being detected but the signal constantly flickered, which could be observed from the continuous switching of the LED. Fig. 14 . LED is ON indicating that the flame sensor detects fire at its maximum range of 100cm as stated in its datasheet. Fig. 11 . The flame sensor is ON; the switched OFF LED shows that initially no fire has been detected. Fig. 13 . The switched ON LED shows that the flame sensor detects fire at 40cm. Fig. 12 . The switched ON LED shows that the flame sensor detects fire at 20cm. Fig. 10 . Range of sensor triggering wavelength in the electromagnetic spectrum [7] . 
C. Testing system with fire in different locations inside the demonstration chamber
With the intention of testing the system with large fire a demonstration chamber was constructed with the length, width, and height of 40 inches all around. Fire was placed in three different locations to observe how effectively the system responded.
First, fire was placed at the front right section as shown in figure 15 and then at the back left section as shown in figure  16 . The figures show the extinguishing process as it transits from picture A to C. Fire got detected right away and was successfully extinguished.
In the end, fire was placed at the center of the chamber, shown in figure 17. The fire was extinguished but it took twice as much time to do so. The reason is that the water supply line intake we took was actually meant for the domestic purpose. Originally our design has a 3000-liter water reservoir at a raised height dedicated to it.
However, compared to the flame that was lit, fire was extinguished really fast, 27 seconds to be exact.
VI. FUTURE WORK
A. Using thermographic cameras and Raspberry Pi 3
The major improvement that can be made on this system is the end detector. Instead of using just flame detectors we can use Thermo-graphic cameras, as shown in figure 18 . The controlling unit can be replaced with a Raspberry Pi 3 which is more than 40 times faster than an Arduino [8] . The cameras can detect fire and its intensity. If the fire detected is large enough only then the solenoid valve will be turned ON. This will prevent any unwanted infrared from triggering the system such as cigarette amber. Raspberry Pi will be a better option in case of complex tasks such as image processing. 
B. Using heat detector, smoke detector and flame sensor
Another way can be to use a heat detector, a smoke detector, and a flame sensor simultaneously. To read analog data from heat and smoke detector we can use an Arduino nano and feed a digital input into the comparator circuit, as shown in figure 19 . When all three sensors are triggered only then the solenoid valve will open.
VII. CONCLUSION
To conclude, the prototype developed passed all the tests, that is, it is fully self-sufficient, is capable of extinguishing fire in a very short amount of time and costs low with respect to the purpose it serves. The flame sensors and controlling unit used however were for demonstration purpose; hence they can be replaced by better ones if needed, as discussed in the future works.
The developed system was intended for many future applications in Bangladesh. It can be of great value to the government as they can implement the system in designated places and provide safety and security to the general public of our country. Places such as factories, especially garments factories, banks, and slum areas will be hugely benefitted if they implement this system on their premises.
